Thymidylate nucleotide supply for mitochondrial DNA synthesis in mouse L-cells. Effect of 5-fluorodeoxyuridine and methotrexate in thymidine kinase plus and thymidine kinase minus cells.
The effects of 5-fluorodeoxyuridine and methotrexate on [3H]thymidine and 32P labeling of mtDNA were studied in two lines of mouse L-cells. LMTK- cells, which lack the major cellular thymidine kinase (EC 2.7.1.21) but contain a genetically distinct mitochondrial enzyme, were compared to LA9 cells, which contain both thymidine kinase activities. LMTK- cells were resistant to 5-flurodeoxyuridine by a factor of 200 in comparison to LA9 cells. In both cells lines appropriate drug treatment increased utilization of exogenous thymidine for mtDNA synthesis. The maximum enhancement was 10- to 12-fold for LA9 cells and approximately 20-fold for LMTK- cells when treated with 10 muM methotrexate. The rates of mtDNA and nuclear DNA synthesis during drug treatment were analyzed with 32P labeling and 5-bromo-2'-deoxyuridine density labeling experiments. Synthesis of both mtDNA and nuclear DNA were strongly inhibited by drug treatment of either LA9 or LMTK- cells in the absence of exogenous thymidine. The rate of mtDNA synthesis substantially exceeded that of nuclear DNA in LA9 cells treated with 4 muM 5-fluorodeoxyuridine and less than 5 muM thymidine. Both synthetic rates approached those of untreated LA9 control cultures if 20 muM thymidine was present during 5-fluorodeoxyuridine treatment. In contrast, in LMTK- cells treated with 10 muM methotrexate and 20 muM thymidine, mtDNA synthesis continued at 50 to 60% of the control rate for at least 10 hours while nuclear DNA synthesis was 96% inhibited. Synthesis of mtDNA mass-labeled in both strands with 5-bromouracil occurred when LMTK- cells were incubated for 30 hours with 10 muM methotrexate and 20 muM 5-bromodeoxyuridine. These results indicate that mtDNA synthesis is resistant to a limitation of the thymidine triphosphate supply and is not strictly dependent upon concomitant nuclear DNA synthesis in these cells.